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Hypoxia and ischemia are major problems in the neonate despit e advanced antenatal and neonat al care. No specific treatment has been shown to improve the high morbidity and mortality associated with this problem .
Among many factors that adversely effect the function of placenta in the gas exchange between the fetus and the mother are maternal hypoperfusion induc ed by anesthesia, uterine hypertonicity, abrupti o placenta, and obstruction of the umbilical cord. An y episode of fetal hypoperfusion can cause mild or severe fetal hypoxemia (1) . After the reintroduction of oxygen, large amounts of oxygen-free radicals are produced. These radicals can initiate lipid peroxidati on and attack other biologic targets (2) (3) (4) .
Low levels of oxygen radicals produced under physiologic conditions are effectively removed or scave nged by enzymatic and nonen zymati c antioxidant syste ms of the body (5, 6) . However, under several pathologic conditions these antioxidant mechanisms may be overw helmed by radicals produ ced in excessive amounts.
acid-reactive substances in brain. In agreement with lipid peroxidation, tissue assoc iated myeloperoxidase activity was increased in liver, intestines, and kidneys, but not in brain and lungs, of the hypoxic gro up. Histopathologic changes in intestines we re epithelial separation and submucosa l polymorph onuclear leukocyte infiltration. In the liver, leu kocyte infiltra tion was observed only near the port al areas. Th ese changes were not observed in the vitamin E gro up. It was concluded that high doses of antenatal vitamin E may protect the newborn rat pups against hypoxia-in duced tissue injur y. (Pediatr Res 38: 685-689, 1995) Abbreviations MPO, myeloperoxidase TBARS, thiob arbituric acid-reacting substances MDA, malond ialdehyde H&E, hematoxylin and eos in Vitamin E (a-tocopherol) is one of the most important nonenzymatic antioxidant (5) . One of the primary fun ction of this vitamin is to protect cell membr anes again st oxid ant stress by inhibiting lipid peroxid ation (7) (8) (9) . However, the vitamin E level in premature and low birth weig ht babies is low (10) , and it is reported that the passage of vitamin E through the place nta is limited. Admini stration of vitamin E to newborn babies should provid e a protective antioxidant effect (10) (11) (12) (13) . In this study we investigated the possible protective effects of antenatal vitamin E admini stration on hypoxia in newborn rats.
METHODS
A nimal model. The subjects of this study were l-d-old Wista r rats weig hing 5-6 g which were born to health y and well nourished mothers of 245-250 g. The newb orns were divided into three gro ups each consisting of eight rats. Th e first group served as the nontreated controls. The second gro up was subjected to hypoxic insult on the first day of life. The third group received vitamin E antenatally and was subj ected to hypoxic insult. Vitamin E treatment consisted of tocopherol acetate (Ephynal®, Roche) given at 2000 mglkgld intramu scularly for 3 d from the 16th to 18th d of pregnancy. Immediately after birth, the newborn rats were placed in 500-mL airtight jars, and hypoxia was induced by breathing of a mixture of 92% nitrogen and 8% oxygen for 3 h. The jars were partially submerged in a water bath thermostatically regulated at 3rc. After the hypoxic period, the rats were transferred to another jar at 3rC where they were allowed to inhale normal atmospheric air for 30 min (14, 15) .
Rats were immediately decapitated at the end of the reoxygenation period, and the tissues (brains, lungs, kidneys, livers, and intestines) were immediately removed for biochemical and histopathologic studies.
Tissue samples were preserved in 10% buffered formalin for histopathologic investigation. After the routine dehydration process, 5-f.Lm sections were stained with H&E. The pathologic review by light microscopy was carried out by a pathologist o +--"----y.. using experimental double blind conditions. The specimens for biochemical studies were frozen at -70°C.
Determination of TBARS. Tissues which had been frozen at -70°C were immediately weighed and homogenized in 10 volumes of ice-cold phosphate buffer (50 mM, pH 7.4) using a glass-glass homogenizer. Determination of lipid peroxidation and myeloperoxidase activity was carried out on this homogenate.
Lipid peroxidation in tissues was determined using the method of Uchiyama and Mihara (16) . Tetramethoxypropane was used as the standard and the level of TEARS was calculated as nanomoles of MDA per gram of wet tissue.
Determination of myeloperoxidase activity. Tissue-associated MPO activity was measured as described by Grisham et al. (17) . One unit of enzyme activity was defined as the amount of enzyme that produced a change in absorbance per minute of 1.0 at 37°C in the final volume of assay procedure.
Statistics. Values are mean ± SD. The Mann-Whitn ey U test was used for statistical analysis. A p < 0.05 value was considered to represent a significant difference between the compared values.
RESULTS
Biochemical results. In the hypoxic model lipid peroxidation (measured as TBARS or MDA) was stimulated in all tissues studied except the lungs. Mean lipid peroxide levels in the livers of the control, hypoxic, and vitamin E groups were 286.8 ± 21,4, 828.0 ± 72.0, and 321.0 ± 15.4 nmol/g of wet weight, respectively; in intestinal tissues the MDA levels were 148. 8 In our study we did not observe any effect of hypox ia and vitamin E on the lipid peroxidation in the lungs (Fig. 1) . Based on the measurem ent of MPO activity, hypoxia stimulated leuko cyte infiltration into the tissues . Tissue-associ ated MPO activity was decreased in the vitamin E group compared with the hypoxic group, both in the liver (14. (Fig. 2) .
Histopathologic results. Histopathologic studi es were performed only on a limit ed number of anim als bec ause the tissu e sample s were not large enough for complete histopathologic investigation . In the hypoxic group, lungs and intestines were sampled from three rats; brains, kidne ys, and liver s were evaluated from two animals. In the vitamin E-treated groups, lungs and brain were sampled from each animal, whereas livers were from seven, kidneys from five, and intestines from four animals. Finally, in the control group, lungs, brains , and intestines were sampled from four anim als, whereas livers from three and kidneys from two animals were analyz ed .
The most striking histopathologic changes were observed in the intestines. Sections of the intestines from the hypoxic group revealed villous epithelial separation, hyperemia , and an increased number of leukocytes in the mucosa and submucosa. None of these was observed in the vitamin E-treat ed or control groups (Fig. 3, a-c) .
In the livers of the hypoxic group, in contrast to the oth er two groups, extensive leukocyte infiltration was present in portal areas (Fig. 4, a-c) . No histopathologic alterations were seen in the lungs, brains, and kidneys.
DISCUSSION
In this study vitamin E admini stered antenatally to pregnant rats prevented hypoxia-induced biochemical changes in all organs, except the lungs, and provided histopathologic protection in the liver and intestines.
Free oxygen radicals are known to be involved in cellular damage. They contribute to various organ injury at the stages of initiation and/or progression (2). Organ dysfunction induced by free radicals may be a major component of hypoxicischemic disease of the heart, intestines, liver, kidney, and brain (2) (3) (4) 18) . The newborn baby, particularly preterm, is more vulnerable to free radical injury (4) .
In our study, vitamin E was chosen as a scavenger of the hydroxyl radical and lipid radicals because it is the most import ant physiologic antioxidant that protects membrane lipids against oxidative damage, peroxidation (5, 7-9). Additionally, it decreases polymorphonuclear leukocyte activation, random migration, and chemotaxis and inhibits the function of leukocyt es in a dose dependent manner (19) (20) (21) .
Recently, the protective effect of vitamin E against intracranial hemorrhage was reported in premature babies who received vitamin E during the first few days of life (11) (12) (13) . This effect possibly was achieved by stabilization of the capillary endothelial membranes (11, 12) . Vitamin E apparently captures the free oxygen radicals formed in the brain after ischemia and reperfusion, thereby limiting the destruction in the subependymal areas. Similar effects have been shown in retinopathy of prematurity and bronchopulmonary dysplasia (22, 23) . However, the protect ive effect of vitamin E in above mentioned disorders is still debated (24) (25) (26) (27) (28) (29) . In this study, we used thiobarbituric acid method for determination of lipid peroxidation. Although the thiobarbituric acid assay is not specific for MDA, measurement of TBARS is an easy and reliable method which is used as an indicator of lipid peroxidation and free radical activity in biologic samples. Tissue levels of MDA and the activity of MPO were used as indices of hypoxia-induced biochemical changes, because it is known that there are strong correlations between MPO activity and lipid peroxidations (30) .
Compared with the control group, either MPO activity and/or MDA levels were higher in the hypoxic group in all organs except lungs. This showed that hypoxia was successfully performed.
The highest MDA levels were measured in the liver and intestines. This may be due to the fact that these organs are very rich in proteolytic enzymes, and that xanthine oxidase is more abundant in these tissues (4) . Histopathologic examinations revealed the presence of leukocyte infiltration into the liver and intestines of the hypoxic group, but not that of the vitamin E and control groups. Because of the increased capillary permeability and chemotaxis, leukocyte infiltration is a sign of tissue damage after commencement of the hypoxic insult (31, 32) . Inasmuch as activated leukocytes produce oxygen-derived free radicals and are the source of toxic proteases, tissue-associated MPO activity can be regarded as a marker of reoxygenation injur y (30, 33) .
Hypoxia induced neither lipid peroxidation nor histopathologic changes in the lungs. It is known that lung microsomes are much more resistant to peroxidation in vitro than those of other organs, such as liver and kidneys. The ratio of vitamin E to peroxid izable lipids is six times higher in lungs than in liver or kidneys (34) . Ther e relatively high amounts of vitamin E might protect membrane lipids from peroxidation. Compared with the other organs, the brain may be especially vulnerable to oxy-radic al induced injury because of the high rate of oxidative activity, high concentration of polyunsaturated fatty acids and the low levels of antioxidant enzymes, such as catalase and glutathione peroxidase (18) .
In our study, vitamin E partially inhibited hypoxia-induced lipid peroxidation in the brain. We did not detect any histopathologic changes in this tissue. This may be explained by the fact that a dual insult of both hypoxia and ischemia is necessary to cause histopathologic injury of brain (14, 18, 35) .
In the kidneys, hypoxia caused elevat ions in both lipid peroxidation and MPO activity. Vitami n E only partially inhibited the rise in MPO, and it had no significant effect on the MDA levels.
It is known that the vitam in E level is decreased in hypoxemia, ischemia, and during postischemic recirculation (6) . It is low in preterm and low birth weight infants . Nearly 25% of antenata lly adminis tered vitamin E crosses the placenta and the plasma and cord levels correlates with that in the maternal circulation (36) (37) (38) (39) .
Administration in repetiti ve doses increases plasma vitamin E levels. After i.v. administration, serum concentrations of vitamin E begi n to fall by 24 h. Whereas tissue concentrations decreas e after 3 d (40) . There fore, to increase and keep the matern al and consequently fetal serum concentrations at a steady level, a high dose vitamin E was given on 3 consecut ive days. We wanted to investigate the possible protective effect of antenatal vitamin E because hypoxic injury in the newborn most commonly occurs in the antenatal and intrapartum period (1) . Therefore, prophylactic drugs and interventions to preven t the devastating consequences of this cond ition seem more crucial. In this study, mammary transfer had no contribution to the protective effect of vitami n E as the rat pups were not nursed during the entire study period. It is known that mammary transfer of vitam in E is quite sufficient (41) .
Because tissue levels of vitamin E were not measured, it is not possible to derive a definite conclusion concerning the rate and amount of vitamin E transfer across the placenta . We did not observ e any teratogenic effect or premature labor, intrauterine feta l death, or any other advers e effects, such as necrotizing enteroco litis, presumed to be associat ed with a high dose of vitami n E (42, 43) .
The data obtained in this study strongly sugges t that vitamin E can have prophylactic efficacy against hypoxiaireoxygenation-induced tissue injury. Further clinical studies are necessary to investigate the potential role of antenatal vitamin E in preventing hypoxic-ischemic injury in the newbo rn.
